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Aeottstieally Raflttctivs Liposones and Methods 
to Malca and Dsa the Sane 

1 . Backgroond of tho Xnvantlon: 

Plaid of thia liiv*ti»<aT>t This invontion rolates to 
acoustically nflaetiva oligolaaellar llposones containing 
internally saparatad bilayers and aathods to aaka saaa for 

S tiltrasenie iaaga anhaneaaant. 

PftgcriPtion of the ihrlor wor» in ».he r^m^A. Ultrasonic 
assessaent of internal body organs or tissue is a well 
known technique. This assessment can be nade by sending a 
signal with a waveform in the high frequency sound 
10 spectrum (io« cycles/second) and detecting the reflected 
ultrasound properties, in current ultrasound procedures, 
the inherent reflective properties of the tissue are 
studied. 

In one recent patent, U.S. Patent No. 4,900,540 a 
15 aethod for producing liposomes having an encapsulated gas 
is described. Liposomes are phospholipid bilayers 
discretely encapsulating an aqueous compartment. The 
composition and form of these lipid vesicles are analogous 
to that of cell membranes with hydrophilic polar groups 
20 directed inward and outward toward the aqueous media and 
hydrophobic fatty acids intercalated within the bilayer. 
Liposomes form spontaneously from a dry lipid film eacposed 
to an aqueous medium and may be unilamellar and/or 
Sttltilamellar. Unilaaellar vesicles are typically 

25 
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1 caaBslfied as mall (20 to 200 na dia&atar) or laxga* 
(approxiaatAly i &ia:on) • MultUaMllar liposomes are 
classically described, as having concentric bilayers, an 
"onion aozpbology*. K typm of sultilaiftellar liposome . 
5 tezaed oligolaaellar liposoMs are ^fpicaily described as 
aultilaaellar liposones vith increased aqueous space 
betveen bilayers. or have liposones nested within bilayers 
in a nonconcentric fashion. Liposones have aany uses but 
10 are considered to be highly desirable for drug delivery 
and diagnostic applications. 

AS previously discussed, the "540'* patent discloses a 
aethod for producing liplosones having an encapsulated 
' gas. It is said that these liposomes can be injected for 
15 1x1 ZiZfi enhancement of organ imaging vith ultrasound.- A 
gas charged particle In vivo , however, may not be stable. 
Shus, it is desirable to develop a stable acoustically 
reflective liposome by controlling composition, structure 
and size alone. 

20 

SumnftTV tha Tnv^n<.j«^ 

Zhiis invention provides acoustically reflective 
liposomes amenable to ligand conjugation for targeted 
ultrasonic enhancement. Ihese liposlomes enhance the 
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1 aeoostio reflttctivity based solely on their coaq^osition, 
struetore and sise. nils invention provides an. 
acoustically reflective oligolaaellar liposone containing 
internally separated lipid bilayers* More specifically, 
5 this invention provides an acoiistically reflective 
liposome particle Bade by incorporating 
pfaosphatidylethanolaBine vith other lipids and having a 
aean particle sise of between about .8 and 10 aicrons. 
This conposition has a oligolaaellar structure and it is 

10 theorised that the resultant laaellar structure together 
vith the aedhanical properties of the phospholipid bilayer 
aake the lipososes acoustically reflective. The liposomes 
typically include phospholipids such as 
phosphatidylcholine and phosphatidyl ethanolamine and can 

15 also include cholesterol. 

This invention further provides a composition vherein 
the acoustically reflective liposome may be conjugated to 
a tissue specific ligand. Preferably, this ligand is an 
antibody or antibody fragment. 

20 The acoustically reflective liposome of this invention 

can be made by incorporating phosphatidylethanolamine into 
a typical phosphatidylcholine based liposome particle, 
optionally reducing the sise of the particle to less than 
about 400 nm, lyophilising the particle, and reducing the 
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1 particle sise to betwMn about 0*9 and 10 mieronA. -This 
liposoBo particla can bo chemically, altered to eovalently 
eoi^le a tieeue specific ligand. As an alternative to 
lyephilisation, the eeoustieally reflective. liposoMs. of 
5 this invention can be Bade by double-endlsion method in an 
organic solvent su^ as triolein or by repeated 
fteere-thaving of. the liposomes. This invention further 
provides a method to prepare targeted/ acoustically 
reflective liposomes to characterise specific tissues 

10 involving administering ligand-conjugated acoustically 

reflective, oligolamellar liposomes containing internally 
separated bilayers devoid of gas, and measuring ultrasonic 
reflectance of the specific tissue oie interest before and 
after liposome administration and comparing the results 

15 for enhanced acoustic reflectance. Specifically, this 

method can be used to characterize a ventricular thrombtis; 
although many other types of tissue can be analyzed. This 
invention also provides a method to enhance tissue 
perfusion (i.e. use as a contrast agent) . in these 

20 situations, the contrast agent could be the liposome 
vithout conjugated ligands. 

This invention also provides a method to monitor a 
drug delivered in a liposome administered to a patient's 
circulatory system^ . This method involves mixing a 

25 liposome containing the drug targeted to specific tissue 
and (if the drug containing liposome is not acoustically 
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1 nflttctivft) an acoustically raflactlve llposoBe davoid of 
any gaa targatad to tha aaM tiaaua to fon a diaparsion, 
adninlstaring tha diaparslon to a patlant and monitoring 
tha dalivary of tha lipoaoaa containing tha drug by 

5 dataeting tha aoouatically raflaetive lipoaona. 

Brief Description of ±hm yimiy^« 

Figure 1 is an ultrasonic image of a buffer control 
obtained In vitro using 20 MHz intravascular catheter. 
10 Figure 2 is an ultrasonic iaage of pure 

phosphatidylcholine vesicles prior to extrusion through 
NUCLEP0IU5 (Costar Co.) aeabranes obtained In vitro using 
20 MHz intravascular catheter. 

Figure 3 is an ultrasonic image of phosphatidylcholine 
15 and cholesterol vesicles prior to extrusion obtained In 
S^ijjZfi using 20 MHz intravascular catheter. 

Figure 4 is an ultrasonic image of ' phosphatidylcholine 
and phosphatidylethanolamine vesicles prior to extrusion 
In Yltrg using 20 MHz intravascular catheter. 
20 Figure 5 is an ultrasonic image of 

phosphatidylcholine, j^osphatidylethanolamine and 
'tiholastarol vesicles prior to extrusion In vijiro using 20 
MHz intravascular catheter. 

Figure 6 is an ultrasonic image of a 
25 phosphatidylcholine and cholesterol vesicles after 
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X . ttxtsnision In vitro usiiig 20 VBz intravascular .eathater. 

Figora 7 la an ultrasonic iaaga of MHz intravascular 
. cathatar la YiXXSL phosphatidylcholiha and 
phosphftt 1 dyiathanolanina vasiclas a£tar aactrusion obtainad 
5 iiL vitro using 20 MBs Intravascular cathatar. 
Figora 8 is an ultrasonic iaaga of • 
tfhos^hatidylc^olina;, phosj^tidylathanolaaina and 
diolastarol vasiclas after aactrusion obtainad In vitro 
. using. 20 XSs^travascular cathatar. 
10 Figure 9 is a scheaatic. drawing of different types of 

llposone particles^ A-E. 

Detailed Description of the Invention and BesH Mode 
In accordance vith this invention, acoustically 
reflective liposomes are provided which nay. be used alone 
as an ultrasonic contrast, agent or which are conducive to 
site specific ligand conjugation to enhance ultrasonic 
iaaging of specific tissues types or receptors in the 
body* 

The inventors have discovered that the echogenicity of 
liposoaes is a function of cox^osition, norphology and 
aise. With respect to aorphology, the inventors have 
found that liposoaes tiay be siaply produced by aechanical 
dispersion of a dried pho^oiipid film (e.g. 
phosphatidylcholine) . into an aqueous aediim. This 
procedure ^ically produces classical aultilaaellar and 
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1 twmr oligoloBttllar vuielM. Thm addition of 

^osphatidylotbanolaBino i^mrts aorpbological changes to 
tho arrang«Mnt of the bilayen. Zt is hypothesised that 
the head groins of the phosphatidylethanolaalne results in 
5 this acoustically reflective arrangeaent, speculated to be 
an oligolasellar type of liposo&e. Purtheraore, liposomes 
vith siailar acoustic properties Bay be produced by the 
inclusion of charged lipids, (ft.s« phosphatidylserine) 
vhich could lead to a acre oligolaaellar distribution 

10 secondary to internal repulsion of the lipid bilayers. 

More specifically, the above described oligolaaellar 
liposomes possess a series of aeabrane-fluid interfaces 
that in the aggregate are ultrasonically reflective. 
Liposomes produced by the same, method, but without the 

15 incorporation of phosphatldylethanolamine or charged 

lipids (fi.g. pure phosphatidylcholine vesicles) are not 
echogenic because, despite their multilamellar morphology, 
the bilayers are typically closely opposed and act as a 
single acoustic interface. 

20 Although both classic multilamellar and oligolamellar 

. liposomes may be created directly from a dried lipid film 
vithout lyophilitation, the inventors suspect that the 
classical multilamellar form predominates this approach 
and that such vesicles are less echogenic than the 

25 oligolamellar form vhich may predominate after rehydration 
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1 of fTMStt-dried llposooBes. S00' Figure 9. Pigura 9A 
deaonstratas a nail -unllaaallar liposome. Figure -9B a 
large , unilasellar lipoaome,. Figure 9C a classical 
Boltilaaellar liposoae' (classical) ^ ^ig. 9D and 9B two . 
5 tYpee of cligoiaaellar lipbseees (doheeatrip and vesicular 
respectively) idposoaes 9X, 9B and 90 are nohecbogenic, 
i.e. Biniaally aoouistically reflective. Zt is believed 
that lipospmes 9A^ 9B and 9C do not have a sufficient 
suBber of interfaces for detectable acoustic reflection. * 

10 Liposomes 9D aiid 92 are.echogenic, i.e. acoustically • 
reflective, prdbably due to the bilayers being separate 
enough to give sufficient reflective interfaces. 

Ultrasonically reflective liposomes may be created by 
any procedure vhich creates oligolamellar vesicles vith 

15 internally separated bilayers. The inventors have 
demonstrated the use of liposome composition (!:.&• 
phosphatidylethanolamine incorporation) to create this 
effect, but one can easily envision mechanical means to 
the same end. One example ..is the conjugation of ligands 

20 Cl«fi* antibodies,, peptides, lectins, etc,) to lipid 
* components .of the membrane then incorporation of these 
coBipbnents betveen layers of the multilamellar vesicles by 
a suitable process. In this scenario 1 the relatively 
large size of the ligands bound to the inner and outer 

25 bilayer surfaces could either primarily spread or . . 
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1 secondarily exihanca tha saparation of vultilanellar 
bilayan. 

OllgolaBallar llpoaoBaa aay ba praparad by but ara not 
llMltad to tha folloving procaaaaa: lyophllisation, 
5 rapaatad fraaaa-tbav, a Bodiflad doubla amulalon 
tachniqua. Production through lyophilisation ia tha 
currant standard qparating proeadura. l!ha acoustically 
raflaetiva lipoaoaa particle ia aada by coabining 
phosphatidylathanolaaina vith other lipids (A.g. 

10 phosphatidyldholina) into a dried film, resuspanding the 
£iln with deionised water with or without cryoprotectant, 
to form a liposoae, reducing the size of the particles to 
leaa than about 400 nn, lyophilizing the particles, and 
resuspanding tha particles in buffar. Particles aay then 

15 ba eactruded to a siza between about 0.8 and 10 microns. 
This method is the most conducive to conjugating protein 
ligands since it avoids exposure of the protein to organic 
solvents, evaporation or mechanical destruction. She 
antibody is conjugated in an aqueous buffer to unilamellar 

20 liposomes less than 400 nm in diameter for maximum 

efficiency and tha conjugate may be freeze-dryed with 
mannitol to help protect the peptide while allowing the 
vesicles to structurally degrade. 

Alternatively, in the modified double emulsion method, 

25 an organic solution containing triolein, phospholipids and 
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1. dholttstarol is ^mfhin^t^ on a volume to volume basis vith 
an agaeous solution typically containing materials to be 
entr ap pe d >• VtdM solution is vigorously agitated to foa a 
«ater*in*oil emulsion. Shis emulsiqn is then oortbtned 
5 vitb 'a sucrose solution and agitated again, creating a 
' vater-in-oil-in-vater emulsion, or a double emulsion. 
Evaporation of the organic solvent leaves. 
Buiticoapartmental* liposomes* This method is cosqpstible 
vith liposome encapsulation of but is less conducive for 

10 conjugate vith proteins or other biological macromolecules 
(Kim, S., Turker, K.6., Chi, £• Y., 8ela, s. and martin, 
G.H.jr ISBs! BioehsiB. Biophvs. Acta 728,339; Gao, K. and 
BUang, L., 1987 Bleehan. Biophvs. Acta 897. 377). 

another method for producing oligolamellar liposomes 

15 is a variant of the lyophilization method and involves 

freezing and thawing of small unilamellar liposomes (Pick, 
U. 1981 Arch. Bioehcm. Biophvs, . 212 , 186) • The repeated 
freese-thaving.of liposomes . leads to membrane rupture and 
reannealing into larger multicompartmental vesicles. 

20 These meaibranes typically incorporate charged 

^ospholipids intd.the bilayers to provide a nidus for ice 
crystal formation. Although the protein ligands could 
easily be conjugated to the smaller unilamellar liposomes, 
repeated freere-thaving of biologically active proteins 

25 may destroy their bioactivity and reduce their efficacy as 
targeting ligands. 
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1 . Shtt liposoBU vhich hBV% bmmn found to bo uoof ul in 
this invontion Incoxporato pfaosphatidylothanolaa&ino into 
tho bilayor lipoooMS that can bo foxaod into a vosicular 
otrueturo. Tho Upooomo can bo fonod trom lipids ouch, as 
5 phosphatidyltiholino (PC) and phoophatidylothanola&ino 
(P8) • Prof orably tho phosphatidylcholine rangos from 
about 50 to 05 Bol % of tho lipid content of tho liposome, 
but can generally range from 60 to 90 aol % of the 
liposo&e, vhilo phosphatidylothanolaaine preferably ranges 

10 froB 2 to 20 aol %, but generally froa about 5 to 10 aol 
percent of the lipid content of the liposoae. 

Incorporation of cholesterol, another neutral lipid, 
has been found to contribute an echogenic conponent to 
liposoaes vhich vas lost after polycarbonate extrusion, 

15 suggesting that large liposo&e size increases 

echogenicity. Work by XOioden and Golden (Rhoden, V and 
Goldin, 8 1979 Bioeheaistrv 4173) has indicated that 
incorporating cholesterol into the lipid bilayer will 
increase particle size %Aiile, the addition of charged 

20 phospholipids decrease vesicle size. Cholesterol 

intercalates vithin the phosphatidylcholine bileyer with 
* very little change in area by occupying the regions 
created by the bulky phosphatidylcholine headgroups. This 
increases the pacJcing density and structural stability of 

25 the bilayer and aay contribute to acoustic character (Hew, 
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1 1990 la Knr, («d) : LiposoBftfi: a practical 

approaeb, (md); Oacford Q&lvanity Ptmsv Nav York, pp 
19-21). 

With raspact to aita. It vaa found that Upoaoaas of 

• 5 approxtaataly ona to four mlcrona la aisa vara lyqphllisad 
without axcipianta and vara aehoganic t^n raauapanaion 
vith Tria boffar, pE 7.5. Additionally, it vaa found that 
dacraaaa of pralyo^ilisatidn particla alsa to laaa than 
ona aicron vith prtiba aonication and a augar axcipiant 

10 raaultad in achoganic lippaoaaa. During lyophiliaation, 
tha a&ailar vaaielaa aay braak down nora completely and 
anhanca the lipid interactions upon rehydration. The 
addition of augar (mannitol) vas selected to provide bulX i 
to the lyophilired powder without cryoprotecting tha. } 

15 vesicle aiae. other sugars, such as trehalose or aaltosa 
can be used to provide bulk^ but also tend to praaerve 
liposoae integrity during fraase^-drying and aay be 
contraindicatad in the production of echbgenic liposomes 
from small unilemellar liposomes. 

20 iha smaller the liposomes the higher the ultrasonic 

. ftaqpxency required to resolve the vesicle. In practice, a 
*. aingle liposome (1*2 microns) is not resolvable vith 
commercially avaUable diagnostic ultrasonic transducers. 
However, discrete liposomes and the coalescence of 

25 liposomes either randomly in solution or aecbndary to 
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1 specific targeting ligands contribute to xiltrasonic 

scattering, and can create an acoustic interface which aay 
be visualised and quantified. Moreover, In vivo , targeted 
•Chogenie liposomes vill benefit f roa enhanced 

5 echogenicity secondary to creation of sultiple 

liposcae-tissue interfaces and a transient increase in 
target tissue sise and density. 

An acoustically reflective liposone particle generally 
ranges froa .8 to 10 aicrons, but preferably 1.0 to 3.0 
10 microns. 

In sumary, the lyophilization method (refered to as 
dehydration-rehydration procedure) appears to provide the 
preferred method for creating echogenic, protein-targeted 
liposomes. Vhm small unilamellar vesicles are optimum for 

15 protein conjugation and can be ruptured and enlarged into 
multivesicular liposomes without destroying the biological 
activity of the ligand. This method was first suggested 
by Xirby and Cregoriadis (Kirby, c. and Gregoriadis, G., 
1984 Biotechnology 979 (hereby incorporated by 

20 reference) for the purpose of increasing liposome 

entrapment efficiency. Ihe inventors have discovered that 
liposomes produced by this method with the appropriate 
Chemical composition are echogenic and suitable for 
targeting. 

25 The acoustically reflective liposomes can be 

conjugated to a site specific ligand such as an antibody, 
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1 lectin, p^tidft or Buelaic aeld« . A variety of aathods 
havo bMXi' roportad to attach protaina to llposomaa 

covalantly. (Kartin, F^J., Haath, T.D. and Nav, R.R.C, 
X990 Xd Llposoua: a*practical approach* Oxford 

'5 Uhivarsl^ Praaa/kav <ork, pp .ie3-l82 7 haraby 

ineoxporatad by rafaranca) • Zha aost popular aathods. 
Iznrolva aynthaaia of thtolrraactlva . lipids using aithar 
H*sueeiniaidyL-pyridyl-dithioprpprionate (SPDP) or 
N-8UGcinlaidyl-(4rlP"«alainidophanyl]}-butyrate (SKPB) • 

10 SPDP producas a ravarsibla disulfide bond and SMPB 
produces an irreversible thioester. Xhe conjugation 
process is essentially the same for both reagents and the 
inventors have elected to use SPDP for In vitro 
experiments reported herein. 

15 S*acetylAercapto8uecinic anhydride can be used instead 

of SPDP with a substitution of hydrbxylaaine for 
dithiothreitol in the process to reduce the nuaiber of 
purification steps required (Martin, F.J. , et al. sunra . 
163-182). 

20 Another aethod described by Heath et al. (Heath, T.D. , 

. Kaher, B.A. and ^phadjopoiaos, D., 1S81: BiQehen: 
BlephvR, Kfstm 42) involves the use of periodate to 

create a Stihif f base between glycolipids incorporated into 
the lipid aeabrane and priaary or secondary amino groins 

25 on proteins. This method provides 20% binding of the 
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1 initial protein with a theoretical aaxiaua of 40%. 
Conjugation to larger liposoaes appears better than 
■aaller unilaaellar liposomes, a factor vhich aay be less 
desirable for producing eehogenic liposoaes by 

5 lyqphilisation. 

Phosphatidylethanolanine can also be derivatised by 
attaching a bifunctlonal straight*chain (6-8 canons) 
dicarboxylic acid %Aiich can bridge between the lipid and 
protein. She phosphatidylethanolaalne aay be derivatised 

10 by either a di*N-hydroxysuccinlnide derivative or by 

. reaction with earbodiiaide. The foraer route aust be used 
vith a process vhiOh prepares liposoaes rapidly without 
significant subsequent processing. The carbodiiaide 
aethod is prone to extensive cross^-linking and often 

15 requires citraconylate blocking of endogenous aaino 

groups. This blocking reagent is removed at pH 4.4 which 
aay precipitate peptides or begin to hydrolyte the 
liposome membranes (Xartin, F.J., et al. Supra , at 
163-182} . 

20 Liposoaes can be conjugated with Protein A or Protein 

6, which have inherent affinity for iaaunoglobulins. 
Liposoaes can be conjugated with avidin, which strongly 
binds to biotin that can be attached to iaaunoglobxilins or 
other ligands thereby effecting a coupling of the ligand 

25 to liposoaes. Finally, sugars and other oligosaccharides 
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X aa7. be conjugated to lipoeoaes containing a purci or • 
. SPDP-derlvatlxed ^ospihatidylethaholamine via endogenous 
aldehyde gzoilps. of the saeebaride by introducing a thiol 
residue onto the sugar or by carboaeylating free hydroxyl 

5 groups vith euccinic anhydride folloved by a carbodiialda 
' eoqpling reaction- (Martin, F«J*, et al. supra at 163-182) • 
An acoustically reflective liposome particle eay be 
used alone as an ultrasonic contrast agent or vith a 
ligand conjugation for specifically targeted ultrasonic 

10 iaage enhancement • More specifically, ligand-^targeted, 
acoustically reflective liposones nay be used to enhance 
ultrasonic imaging of intravascular structures as veil as 
extravaseular structures accessible due to increased 1 
permeability of the vasculature or by direct | 

15 acSministration Into a nonvascular space. The potential 
cardiovascular targets include myocardial tissue 
(antimyosin antibody) , vascular clot (anti-fibrin 
antibody) , vegetations (axitl-bacterial determinant 
antibody) , endothelial surface (anti-receptor or surface 

20 determinant antibody) and tumors (anti-tumor antibody) . 
. additionally, other tissue structures in the penetrable 
spaces of joints spaces, (lymphatic system; urogenital or 
pulmonary bronchial alveolar tree) may be tiltrasonically - 
.enhanced vith. specific ecoustically reflective liposomes 

25 administered direc^y into these spaces. 



wo 93/28802 



PCTASn/03291 



1 . The XDUtu of administration include intravaecularly, 
intralyB]>haticaIIy, intrathecally, intraurologically, 
intracapeularly, and bronchial lavage. The acoustically 
reflective liposome made be administered as a boliis of * 

5 liposomes or as an infusion in a pharmaceutically 

aooeptable carrier such as saline or glucose in vater. 

As vith other injected pharmaceutical agents, the 
acoustically reflective liposome, is administered as a 
sterile eo^ound. To prepare a sterile composition of 
10 matter the acoustically reflective liposome is prepared 
under aseptic conditions using sterilized buffers and 
reagents. 

Visualisation of the in situ liposomes is possible 
vith virtually all ultrasonic imaging modalities, 

15 including intravascular (catheter*based) , transcutaneous 
rransvascular/epicardial (conventional echocardiography, 
vascular or high frequency) and transesophageal 
echocardiography. The precise imaging technique 
appropriate for a given application must take into account 

20 the clinical objective of the procedure, anatomic site of 
interest and medical condition of the patient. 

Tvo important uses for liposome enhancement to tissue 
would be the following. First, the standard 
transcutaneous or transesophageal ultrasound would be used 

25 to identify cardiac structure. Liposomes would 
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1 subBsquttxtly nsad to •nhanM structure definition, 
either through their perfusion into a vascular bed to 
identify regions of perfusion Byocardial) or to 
identify pathologic' structures by directly or indirectly 
5 "highlighting" of the target. Tbm transducers that are 
• used utlllfee prbbes ftoa 2;to'lS KBz and. are placed 
transcutaneously/trahsvascular/epicardially/or 
transesophageally to iaage cardiovascular structures. 

In the second instance, liposones would be utilised in 
10 conjunction with intravascular ultrasound imaging 
devices. These devices* generate images of vascular 
structure and operate at a frequency of lO'-lDO HHz. These 
' catheters do not generally iaqpede blood flow and they 
vould be/dir^RCted to the region of interest with the 
' 15 l^^somes. highlighting. structures such as plague, thrombus 
or endothelial receptors/determinants. 

Using either the intravascular or the. . 
transcutaneous/transvascular/epicardial/transesophageal- 
method, the 2-dimenslonal B-mode tiltrasound images 
20 generated are amenable, to more sophisticated image 

t processing an^/or axialysis. Grayrscale texture analysis, 
'radiofteqaency signature analysis and a variety of 
additional coaq^lementary ultrasonic material 
characterization techniques may find use in enhancing the 
25 interpretation of these data. 
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EXAMPLE 1 

Production of Bchoganlc X<lpoBO»«B Using a 
lAwmhillgation Mathodolocfv "Best Kode* 

1 Thim ptoMdUM dMcribM Mtheds and raagants raquirad 

to Bake acoustically reflaetive, oligolaaellar lipoao&es 
using a coaposition and aethod conducive to tha production 
of antibody targated vesicles. Freeze^-^brying is 

5 lyophilisation 
Reagents: 

1) Phosphatidylcholine, from egg yolk (PC) as an 
alcoholic solution 

2) Cholesterol (Choi) 

10 3) Phosphatidylethanolamine, dipaliLitoyl (P£) 

4) Deionized vater 

5) Cryoprotectant sugar (e.g. mannitol) 

6) Trie ECl 

7) Sodiua Phosphate (dibasic) 
15 8) Sodiua Chloride 

Eqpiipaent: 

1} Rotary evaporator with external cooling, vacuus and 
heating* 

' 2) Probe sonicator and ear protection. 
20 3) Submicron particle size analyzer (e.g. NICOMP (Pacific 
Scientific) Kalvem) and tubes. 
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1 4) .VoluBfttrie £laskB, graduated cylinders, syringes, 
. hypodermic needles, r^ipets/pipets and liquid 
scintilletion vials <25 & 10 bL) . ' 
5} Stirrer/beating plate and stir ba^rs. 
5 6) ElectronicVbalance (accurate to/O.i or .O.oi wq)\ 
7) pH set^ and calibration standards. * 
S) Sing stand And elanps* 

9) KUCLBFORE (Oostar Co.) filters and aeabranes in st^s . 
from 2 to 0«22 Aicrons. 
10 10) . Bottle lyophiliser . and associated equipment. 

11) CVXS intravascular . catheter system and 20 MRz ia&aging 

catheter. 
Procedure: 

1) Warm vials of phosphatidylcholine and 

15 ]>hosphaticlylethanolamine to room temperature. 

2) Weigh (according to electronic scale instructions) 
25mg of dholesterol and 20 mg of 
phosphatidylethanolamihe. > 

2) Dissolve cholesterol in 2.5 mL of dry chloroform and 
20 phosphatidylethanplamine in 2.0 ml of dry chloroform 

using supplemental heat as required. 
4) Combine In a 250 mL totoevapbrator .flas)c: 73 mg of 
^osphatidylcholine, 11 mg phosphatidylethanolamine 
and 16 mg of Cholesterol. Adjust as required for 
25 scale-19; 
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1 5) Attach flask to pre-cooled (O degrees Centigrade) 

rotary evaporator vlth a 50 degree Centigrade warming 
bath. 

6} Botate flask rapidly (approxiaataly 210 rpa) and dry 
5 under vacuim. 

7} After the fila is dry, remove flask from 

rotoevaporator and place in desiccator under vacuum 
and cover desiccator with a dark cloth. 
8) Continue to dry film under vacuum for 2 days. 
10 9) Prepare 100 mM mannitol solution in deionised water. 

10) Add 10 mL of mannitol solution per 100 mg of lipid. 

11) Without significant agitation, place flask on 
rotoevaporator without coolant circulating, flood 
atmosphere with nitrogen and rotate the flask 

15 (approximately 210 rpm) to resuspend lipid film. 

12) Khen lipid film is resuspended, add one or two drops 
of liposome suspension to NICOHP (Pacific Scientific) 
tube and dilute with 100 mM mannitol solution, 
sufficiently for analysis. 

20 13) Analyse particle size with KICOHP (Pacific Scientific) 
according to manufacturer's instructions. 

14) Transfer liposomes from round bottomed flask to 25 mL 
liquid scintillation vial with a pipet and cap. 

15) Secure vial to ring stand and submerge vial 

25 approximately two-thirds into a cool tap-water bath to 

dissipate excess heat during sonication. 
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1 16) Be&ov« cap and position obnicator probe into tha vial 
being sure not to leave the probe in contact with the 
glass and aaintaining the tip of the probe about one 
quarter inch above ^e bottom. • ' 

5 17} Bet the eonicator for ^10% duty and lOf power and 

sonicate for 3 &inutes« 

18) Retiheclc particle size as before vlth NIOOKP (Pacific 

Scientific) • .Continue to reduce particle else using 1 

alnute sonicatim bursts at sane power and vi^ 

. 10 increasing duty levels until vesicles are less than 

400 an. Increase power and repeat duty changes 

starting at 10% if additional sonication is reqpiired* , 

19] Transfer approriaiately 5 aiL aliguots of liposo&e ' 
, . ' • . ' ' . • . i 

suspension into each of two 25 nZi liquid scintillation j 

15 vials, layer with nitrogen, and cap. 

20} Either snaprfreeze in acetone-alcohol-*dry ice bath or 

freeze overnight in -70. Centigrade deep freezer « 

21) transfer vials from the freezer to the lyophilizer 

jars and freeze dry according to manufacturer's 

20 instructions for approximately 48 hours. 

22} Ikf te r 48 hours of lyophilizatioh^ remove vials from 

the freeze dryer, gently overlay contents with 

nitrogen, recap and seal vials with, paraf ilm. 

23) Store vials in refrigerator with desiccant up to 72 

25 hours uxxtil use. . 
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1 24) Prepare 0.10 M Trie BCl 4 o.lO M Naci, pa 7,5 buffer. 
25} To rehydrate, add O.io bM Trie BCl -i* o.io &M MaCl, pR 
7.5, buffer to eabh vial. A good starting volxme is 
2-3 sL of buffer/sL of the desired liposome 

5 lypphilised. 

26) Sise lipososes vlth the MIOOMP (Pacific Scientific) 
subnieron particle analyser as previously discussed. 

27) Transfer liposoae suspension to an appropriately sized 
syringe and extrude liposomes to desired particle sise 

10 through polycarbonate membranes according to 

manufacturer's instructions until desired sise is 
attained. Excessive extrusion will significantly 
destroy liposome structure and diminish echogenicity. 
If initial particle size is more than 1*2 microns 

15 above desired range,, repeat procedure using a greater 

post-lyp^ilisation dilution factor to attain a 
smaller initial vesicle size. Be sure sample for size 
analysis dilution buffer is iso-osmotic with liposome 
solution (300 milliosmoles) to avoid artifactual 

20 svelling or contraction of vesicles and inacciirate 

size estimation. 

28) Transfer liposomes into small (lo mL) liquid 
scintilation vials and image liposome suspension with 
20 MBz CVIS intravascular imaging catheter system. 

25 
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1 . Raf«r«se«: Mav, R.K., 1990, Liposomes: A Practical 

Approach, teford University Press, (hereby incorporated 
by xefereaoe) • 

ESOHBLB 2 . 

.5 JL. 8P0P QjBrlvitixation of .Shosphati^letbanolaaiae 

' • • • 

Tbm f blXowiiig proeadures dMcribed aethods to producft 
an H*meeinlBid7l pyridyl dlthioproplonate (SPDP) 
derlvitisation of ZgG antibody and 

pbosphatldyletbanolaBlne and their incorporation into a 
10 process for producing acoustically reflective liposomes as 
described in Exaiqple 1* This procadure describes methods 
and reagents required to make K-succinimidyl pyridyl 
dithioprppionate derivatives of phosphatidylethanolaaine 
for incorporation into liposomes for antibody coupling 
15 reaction*' 
Xtaagents: 

1) L-a-phosphatidylethanolamine, dimyristoyl or 

dipalmitoyl, 99% purity (PE) 
•2) Triethylamine (TEA) 
20 3) H-»ucciniaidyl pyridyl dithiopropionate 
. 4} Nitrogen 

5) Silicic Acid ■ . 

6) Methanol 

.7) Chloroform .... 
25 8) Dodecamolybdophosphoric acid 

9) Silica thin layer chromatography (TLC) plates . 
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1 

BqoipMatt 

1) Idguid ■elntniatlon vial or tmst tub* ylth cap 

2) Stirr«r/baatin9 Plata and stir bars 

5 3} 20ce plastic syringa barral vith glass fiber plug 
4} Fraction oollaetor or tast tuba rack 
S) nc davaleping tank vith f iltar paper lining 
€) Blaetrenic balance (accurate to O.l or o.oi ag) 
7) Graduated cylinders, repipets/pipets 
10 8) Sing stand and clasps 

9) AtoBisar sprayer and spray 'box 

10) Rotary evaporator with external cooling, vacuum, 
heating and 250 laL flasJcs. 

11) Hamilton aicroliter syringe vith lock 

IS 

Procedure: 

1) Wei^ 15 ag of PB, lo ng of SPDP, 2 g silicic acid, .3 
g dodecaBolybdephosphoric acid. 

2) Dissolve PE in a liquid scintillation vial in 

20 approxlutely 2 aL Chlorofotn using sufficient vanning 

to facilitate dissolution but avoiding excess heat. 
'3) Dry PB under continuous nitrogen stream or vith 

rotoevaporation . 
4) Resuspend PE in 2.0 aL of iehlorofora. 
25 5) Dissolve 200 aicroliters TEA in 25 aL aethanol (2.9 
Bg/0.5aL). 
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X 6} Dissolve IQ «g SPDP in 0.5 bL ttsthanol vith slight 
si9pl«Bsntai hssting* 

7) Add 0*5 bL TEk (2.9 ag) to SB ill yial. 

8) Add 0.5 SL 6SDP (10 Bg) tb.PB mA TEA. 
5 9} Add small stirring bar to vial. 

10} Saturata at&bsphara in vial vith nitrogen and cap. 

11) stir Bixtura at room teaqparatura for .2 hours. 

12) Zn a 250 mL or grsatar flask add 130 mL of ohloroform, 
50 ml of methanol, and 10 ml of deionised water. 

10 13) Zf solution is cloudy add 1-2 mL additional methanol 
to dxy* 

14) Add approximately half of the solution to the 
. developing tank. 

15) Cover tazdc and allov atmosphere and filter pap^^^ 
15 lining td saturate vith solvents. 

16) Slurry 2 g of silicic acid in 10-12 mL of chloroform. 

17) Pour silicic acid slurry into syringe barrel supported 
on a ring stand. 

18) Aliov excess solvent to drain but do not allov column 
20 to dry. 

19) Prepare phosj^iomolybdate spray by dissolving 3 g of 
dodecamolybdophosphoric acid in 10 mL of ethanol or 
reagent grade alcohol. 

20) Place in sprayer and vrap sprayer in foil to blocJcout 
.25 light qntU use. 
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1 21) After 2 bofurs check reaction by spotting (10 
sicrolltars) th^ reaction alxturo and pure 
phoaphatldylatlianolamina standards vlth a Hamilton 
syringe onto the thin layer chroaatography plate* 

S 22) When the solvsnt line on TLC plate is approxiaately 
1.0 CB froB the top, reaove the plate fron the tank 
and air dry. 

23) Zn a hood, spray dry plate with a light, even coat of . 
phosphomolybdate spray* 

10 24) Wara plate on a hot plate with low heat to develop 
black spots (100 degrees Centigrade) . The test is 
qualitative* Derivatized phosphatidylethanolaaine 
migrates faster than the pure standard lipid. The 
reaction is usually 100% complete. If the reaction is 

15 incomplete, add 1 mg of TEA and allow reaction to 

continue 30-60 minutes and recheek with thin layer 
chromatography* 
25) When the reaction is complete, add mixture to silicic 
acid column and wash in with 4.0 mL chloroform. 

20 26) Elute derivatized phosphatidylethanolamine in 2.0 mL 
fractions using 4.0 mL aliquots of the following 
chloroform:methanol solutions gradient: 4.0:0.25, 
4.0x0.50 4.0:0.75, 4.0:1.0, 4.0:1.25, 4.0:1.5, 
4.0:1.75, 4.0:2.0. Repeat 4.0:2.0 to ensure coaplete 

25 elution. 
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1 27) Layur Mdh fraction vith nitrogen after collection to 
' i2diibit oxidaUon. 
38) Identify fractions vith ^osphatidylethanolaMine 
derivative by thin layer chromatography as before. 
S 29} Pool fraction* containing derivative into a 
rotoevaporator flask. 
/ 20) Attach flask to rotoevaporator previously cooled vith 
cireolatlxig cold vater or coolant. 
31} Dry derivative to a. film and resuspend in 3.0 cc of 
10 * chloroform;. 

32) With thin layer Chromatography roughly quantitate 
phosphatidylethanoiamine derivative concentration by 
comparing 15 nL, 10 ^L, and 5 fiL spots of 
standard PB of known concentration to equal volumes of 
15 the derivative solution. Determine mg/mL of 

derivative. 
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B. H-Succlniaidyl Pyrldyl Dlthiopropionate 
Derivitization of ZgG Antibody 

1 ShiB procadura dascribes the M-succiniaidyl pyrldyl 

dlthiopropionata dorlvitlsatlon (8PDP) of XgG antibody for 

conjugation vlth similarly modified llposoaea. 

5 Reagents: 

1) H-hydroxysucclnlmldyl-dlthlopropionate (SPDP) 

2) Sodium citrate 

3) Anhydrous sodium phosphate, dibasic 

4) Sodium chloride 
10 5) Sephadex 6-50 

6) Ethanol or reagent grade alcohol 

7) ZgG antibody 

8) BCA protein binding dye concentrate (BCA) 

9) Dlthlothreltol 
15 10) Deionlsed vater 

11} Sodium acetate 

12) Nitrogen 

13) Dilute hydrochloric acid (HCl) 

14) eiaclal acetlo acid (17.4 M) 

20 15) Anhydrous potassium phosphate, monobasic 
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1 BqalpBuuit: 

I) W/VJB Spactrbpho t on eter 

2} 100 aXi G«l Chromatography coluan and tubing 
3) Fraetlon coUaetor ' . . ' 

5 . 4) , Kiorppipats 

5) BttBilton mszSxgm (5-10 ftL capacity) 

• • • • 

• 6) Pastaur plp^tt . 

7) Baakar/flaaks' various sltas 
a) stirrer and atlr bars 
10 9) Analytical balance (accurate to 0.1 or 0.01 ag) 
10) pfi seter vith micro and regular electrodes and 
appropriate standards 

II) Sing, stand and clamps 

\ 12) Amicon ultrafiltration system 
15 13) Volumetric flasks 
Procedure: 

1) Combine 19*7 g sodium citrate, 7.1 g anhydrous sodium 
phosphate, dibasic (Na2HPQ4] , and 2.9 g sodium 
chloride per liter in a 1 or 2 liter beaker and fill 

20 75% with highly purified, deioni2ed water. Usually . 

' prepare 2 L of buffer. 

2) ' Adjust ^ to 7.0 using dilute hydrochloric acid. 

3) transfer pH .7*0 buffer to volumetric flask vlth three 
vashes of the beaker and iCill to the mark vlth 

. 25 delonised vater. 
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1 4) . Waight 7.5g of SESHM>EX G-50 (Pharmacia Co.) and 
transfer to a 125 aL beaker. 

5) Add 100 aL of citrate/phosphate buffer (atep 1) to the 
beaker, cover and allow gel to avell at least 3 hotirs, 

5 preferably overnight. 

6) After evellingt decant excess citrate/phosphate buffer 
and fines and resuspend gel in 100 &L of fresh buffer. 

7) Asseable gel ehroaatography system. 

8) Piece 10 mL of citrate/phosphate buffer in base of 
10 column. 

9) Load gel slurry into column as a continuous pour vhile 
draining excess buffer out of the column. 

10) After column is poured, allow gel to settle. 

11) Pass 10 bed volumes (approximately 750 mL) of 

15 citrate/phosphate buffer through the colxuin.and seal 

for use the next day. (Add 0.01% sodium aside to 
elution buffer if storing the column for more than 24 
hrs) • 

12) The next day, drain excess buffer from the top of the 
20 column, leaving 5 mL above gel. 

13) Prepare 0.1 M phosphate buffer, pH 7.5, by mixing 
1.361 g anhydrous potassium phosphate, monobasic 
(KB2PO4), in 90 mL of deionized water, titrate to 

pE T.Sf transfer to a 100 mL volumetric flask and fill 
25 to the mark with deionised water. 
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1 14). Pr^par* 0.5 K.acatic acid by diluting 2.0 aL of 
oonoantratad acetic acid (17.4 M) vith 67.6 aL 
daionizad «at«r* 
15) Prapara 6 wg R^auceiniaidyl pyridyl dithioprppioaata 
s ia. .l/o aL »0% athanol. 

l€) Wai^ 165 ag aodiua acetate, coadbine. vith 10 aL * 

deioaiaed vater and titrate to 5«5. 
17) Weigh 95 ag dithiothreitol and diasolve in 250 
aieroliters of sodium acetate buffer in a 
10 aicrocentrifuga tube. 

. 18) Dissolve XgG antibody (e.g. 25 ag) in o.l K phosphate 
buffer (pH 7.5) at a concentration of. 5 ag/aL. 

19) Add 150 microliters of K-succinimidyi pyridyl 
dithiopropionate.in 30% ethanol vhile stirring slowly, 

15 and continue stirring for 30 minutes. " 

20) Slowly decrease the pH (dropwise) of the antibody 
solution to ^ 5.5 with 0.5 M acetic acid. 

21) Add 50 microliters of dithiothreitol, cover solution 
vith nitrogen and allow to stand 1 hotir. 

20 22) Drop the buffer level over SEPEADEX (Pharaacia) column 
to top of eoluan and slowly add ZgG aixture. 

23) Ron Zg<^ into eoluan ud wash in vith 2-3 aL. 
citrate/phosphate buffer. 

24) Fill eoluan to top vith buffer previously pui^ged of 
25 osgrgen vith nitrogen, careful not to disturb coltmn, 

and attach buffer reservoir layered with nitrogen or 
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1 . argon or contlnuoasly biibble nitrogen through the 
•lutlon buffer. 

25) Slute eoluam at 0.5 to 1.0 aVain* 

26) Layer each fraction vlth nitrogen or argon to avoid 
5 oxidation of eulfhydryl groups. 

27) Assay fraction on spectrophotometer at 280 an and note 
' protein peaks. Usually, tvo peaks are detected but 

the first protein peak Is used. The second peak Is 
probably lasunoglobulln fragments, though no 
10 confirmatory electrophoresis has been performed. 

28) Combine fractions of high optical density and conduct 
a BCA protein assay according to manufactxirer's 
Instructions to estimate protein concentration. 

29) If the protein concentration is too dilute, to 

15 concentrate antibody under nitrogen or argon vlth 

Amlcon ultrafiltration system according to the 
manufacturer's Instructions. 

30) Combine antibody vlth liposomes as previously 
discussed and proceed vlth conjugation. 

20 

C. Production of £chogenic Antibody-conjugated 
Liposomes Using a Freeze-drylng Methodology 

This procedure describes methods and reagents required 

to malce acoustically reflective, oligovesicular liposomes 

25 conjugated to IgG antibodies through a disulfide bridge 
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1 . .Qfiing K-Buceinlaidyl pyridyl dithiopropionata derivative 
of phesphatidylatlianol&nine and antibody. 

Baaganta: • . • : 

5 1) 8PDP darivatisad Xr*a-phbaphatidylathanolamina <FE-PDP) 

2) Phoaphatidylcholina (PC) 

3) Gholastarol <Chol) 

4) BhoaphotidylgXycarol (PG) 

5) Daionizad vatar 
10 6) Kannitol 

7) Sodiiis citrata 

8) Sodium phos^hata (dibasic) 

9) Sodlom dhlorida . 
• 10) Reagent grade alcohol 

15 .11) Biogel A-5M (100-200 Mesh) 

Equipnent: 

1) Xtotary evaporator vith external cooling, vacuus and 
heating 

2) Prdba aonicator and ear protection 
3} Bnbnicrbn. particle site analyzer (e.g. HZOCOIP, 

Kalvem/ Coulter) and tubes 

4) Fraction collector or test tube rack 

5) yolumetrie flasks • 

6) Stirrer/heating plate and stir bars 
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1 7} ^ Slttctronic balance (accurate to 0.1 or 0*01 Bg) 

8) Liquid scintilation vial or suitable substitute 

9) Graduated cylinders 

10) B^ipets/pipets 

5 11) Idng stand and elaaps 

12) NUCLBPORB (Costar CoO filters and aeabranes from 2 to 
0*22 jdcrons 

Procedure: 

10 1) Ham vials of phospatidylcholine to roon tea^rature. 
2} Weigh 25 ag of cbolesterol. 

3) Dissolve cholesterol in 2.5 &L of chlorofon. 

4) Transfer to a rotoevaporator by pipet 73 ag of 
phospatidylcholine, 11 ag derivatised 

15 phospatidylethanoiaaine, 16 ag cholesterol. Adjust as 

required for scale-up* 
5} Attach flask to 0 degree centigrade pre-cooled 

rotoevaporator vith 50 degree centigrade varaing bath. 
6) Dry lipid fila under vacuua at rotational speed of 
20 approxiaately 210 rpa. 

. 7) Reaove flask froa rotary evaporator and place in 

desiccator under vacuua and cover desiccator vith a 
dark doth. 
8) Dry fila for 2 days. 
25 • 9) Prepare 100 aM aannitol solution in deionized water. 
10) Add 10 aL of aannitol solution per 100 ag of lipid. 
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1 11) Botata th«r flaidc. at . 210 rpm to rMUspend lipid film. 
12) Hhaa lipid f ila is rmsuspaadad, add one to tvo drops 
to HZOOMP tuba and dilute with 100 fiK sugar vater 
solution. . . . 

5 13) Analyke particle sise. 

• 14) Scitnsf sr liposcnes from round bottomed flask to liquid 
scintillation vial. 

15) Secure vial to rlxig stand and submerge vial 
approximately tvo^^thirds into cool tap rater, flask to 

10 . dissipate excess beat during sbnication. 

16) Position sonicator probe about one quarter inch above 
tbe flask bottra and not in contact vitb the glass 
vial. 

17) Set the sonicator for 10% duty and 10% power and 
15 sonicate .for 3 minutes. 

18) Kedietik particle sise. Continue to reduce particle 
size using l minute sonleation bursts at same pover 
and vlth increasing duty levels imtil vesicles are 
less than 400 nm. Increase pover and repeat duty 

20 * changes starting at 10%. if additional sonleation is 
required. 

.19) Dsrivatise antibody as previously described. 
20) To conjugate reduced, antibody to liposomes, combine 
liposomes with reduced, derivatized protein to have a 
25 . ' . 
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1 coupling ratio lug protoin/MBOl lipid — wq 

protein/MBol lipid) of 390-500 and a final protain 
ooncantration of approxiaataly 0.5 Bg/aL. Buffar 
aaaociatad vlth protain abould provida auf f iciant 
5 boffaring capacity to aaintain pH at 7.0 at a ainiaal 

ionic atrangth. 
21) Allcfv antibody conjugation to procaad for 12-18 hours 

at room tasiparat\ira. 
22} Fill chromatography eoliom with gel at a ratio of at 
10 laaat 10 mL of BZ06EL-A 5M (100-200 mash) to 1 &L of 

liposome suspension. Put 10 mL of buffer in column 
before adding gel and then fill the column while 
slowly ruxming out the excess buffer. 

23) Elute Biogel-A-5m column with 10 bed volumes of 100 AM 
15 mannitol solution the day before use. 

24) After antibody conjugation, pass liposomes through 
sequentially smaller (2 to .22 micron) NUCLEPORE 
(Costar Co.) polycarbonate filters as required to 
reduce particle size below 400 nm. Verify 

20 intermediate and final particle size. 

25) Drain excess buffer from column. 

' 26) Gently and slowly load liposome suspension to top of 
column with a Pastatir pipet. 
27) Slowly run liposomes into column, stopping the flow 
25 lAen the liposomes have just completely entered the 

top of the column. Do not allow the coltunn to dry. 
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1 .28). Wa^ liposoMs off the sidas of colmn vlth 2^7 aL of 
aaxmitol solution then run this into the coluan. 
- 29) Slovly fill the column vith l6(MM aannitol solution 
containing 0*01 X pptassiua phos^iate buffer, pB 7.^ 

5 being careful not. to disturb the top of the grel 

colUBn* 

30) mien the ooluan is full of buffer, attach the buffer 
reservoir to the cplumn vith tubing. 

31) Attach coluiui to fraction collector vith sufficient 
10 tubes to collect 3 bed vpluaes. Liposones vlll come 

out in the void volume and unbound antibody vill- 
follov close behind. 

32) Collect fractions at a rate of 0*5 1.0 mZ/AiA for 
best resolution* 

15 33) Analyze tractions for particles using the KICOKP at 
mwylTntTm photopulse to isolate liposomes and a 
• spectrophotometer at 280 nm to isolate protein 
fractions. • 

34) Pool fractions containing both liposomes and protein. 
20 35) Concentrate liposomes to approximately 10 mg of. lipid 
per mL using an appropriately slsed Amicon 
ultrafiltration system (300 KDa membranes) according 
to the manufacturer's instructions. 
36) Transfer 5 mL aliquots of liposomes into 25 mL liquid 
25 scintillation vials, layer vith. nitrogen and cap. 
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1 37). EithMT snap-frMze in aeetoM-aleohol-dry lee bath or 
txmmzm ovarnight in -70 degree centigrade deep 
freeser. 

38} Vranafer viale froa the freezer «to the lyophiliser 
5 ^uv and freese dry for 48 hours according to the 

aanufaeturer'e inetructione. 
39) After 48 hoare of lyophilisation, remove vials from 
the freexe dryer, gently layer contents vith nitrogen, 
recap and seal vith parafilm. 
10 40) store vials in refrigerator vith desiccant until use 
vithin 72 hours. 

41) Prepare 0.10 N Trie BCl 4 o.lO M NaCl, pR 7.5, buffer. 

42) To rehydrate, add 0.10 mM Trls HCl 0.10 aM NaCl, pH 
7.5, buffer to each vial. The initial liposome size 

15 vill vary inversely vith the volume of buffer added. 

A good starting volume is 2-3 mL of buff er/mL 
lypphilized liposome containing sufficient amount of 
ions to make a solution of the same osmolarity/mL of 
liposome suspension lyophilized. 

20 43) Size liposomes vith submicron particle analyzer. 

44) Transfer liposome suspension to an appropriately sized 
syringe and extrude liposomes to desired particle size 
through polycarbonate membranes according to 
manufacturer's instruction until desired size .is 

25 attained. Note: Excessive extrusion vill 
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1 . mignitlcantly destroy liposoaft struetuM and dlwltilsh 
.•chogwiei^. * Bm sure saaple dilution buffer for 
particle sire analysis. is iso-osaotic vith liposome 
solution to avoid artif aetual svelling or contraction 
- 5 of vesicles and inaccurate sise estisation. 

45} Transfer lipososes into snail 10 aZi' liquid 

scintillation vials and Inage liposo&e suspension with 
20 HEz CVZS intravascular iaaging catheter system. 

10 - BaMPIfi 3 

Zdposo&es of four different coapositions were prepared 
in triplicate using the procedures outlined in Exaaple 1 
(without the optional addition of aannitol cryopotectant) 

15 and isfaged %rith a 20 HEz intravascular catheter to 

identify echogenicity. Tvo replicates were ultrasonically 
analyzed pre and post extrusion and the' results of an 
overall split^plot statistical analysis y^ep *«- 
coaposition -i- rep* coaposition tiae i- coaposition*tiae -f 

20 residual, vhere rep*coi^o8ition vas used to test 

coaposition effects and residual error vas used to test 
tiae effects (^lae equating to pre versus post 

25 
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1 polycazbonat« •xtrusion) • FigurM l through 8 aro . 
•xaaplM froB thm sftcond nplicat* prm and post 
polyearbonata axtrusion. LMst-squara Mans tor tba 
eoBposltion affaet for the abova Bodal ara praaantad. 



fiSBBfiSlUfiD 
PC 

10 PC:CB 
1>C:PE 
PC:PE:CH 



Xiiposoaa 

Mean gray Bcale 

3.31 

9.82 
21.68* 
23.85* 



Lipoao&a 
Gray Scale 
HatarpganaltY 

3.34 

8.33 
11.94* 
13.86* 



*PC V8 Other coBbixiation (p £ 0.05) 

15 

Zn this study, dhange in solution acoustic reflectivity 
was quantitatad as the increased pixel brightness (gray 
scale) of liposome clusters coapared with background 
levels and the increase in pixel heterogeneity of the 

20 overall liposo&e/buffer inage. Liposomes incorporating 
phosphatidylethanolamine vere \atrasonically visible 
• .before and after extrusion to reduced particle sises and 
this vas reflected as a statistically significant increase 
in pixel gray scale and heterogeneity. 

25 niosphatidylcholine: tbolesterol vesicles vere eehogenic 
before but not after extrusion* 
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1 ' . Althougli the invration has bMn described priaarily in 
' ' ooxmeetion vltli special and preferred eabodlaents, it vill 
be uadarstood that it is capable of Bodif Icatlon vlthout 
departing, trem the scofpe of the Imrentlon. The foUovlng 

5 clalBS are iatended to cover all variations, uses, or 
adaptations of the invention, folloving, in general, the 
principles thereof and including sudh: departures froa the 
present disclosure as cone within known or custosary 
practice in the field to which the invention pertains, or 
10 as are obvious to persons skilled in the field.. 
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«B CIAZM: 

1. A eonposltion eonprising: acoustically raflective 
oligolaBallar lipoaoae containing intamally saparatad 
lipid bilayars. 

2. Ibm coaq^ition of Claim 1 vharain said liposome 
contains chargad lipids. 

3. Tba co^osition of Claim 1 vherein said liposome . 
contains phosphatidylethanolamine. 

4. The composition of Claim 1 vherein a ligand is 
conjugated to said lipid bilayer to Increase separation of 
said bilayars. 

5. The cosposltlon of Claim 1 vherein said liposome 
is conjugated to a tissue specific ligand. 

6« The composition of Claim 5 vherein said ligand is 
an antibody. 

7. The composition of Claim 1 vherein said liposome 
is betveen about 0.8 and 10 microns in diameter. 

8. The composition of Claim 1 vherein said liposome 
contains a contrast agent. 

9. A cofl^osition comprising: acoustically reflective 
oligolamellar liposome containing internally separated 
lipid bilayars, said liposome consisting essentially of 
phosphatidylethanolamine and other phospholipids. 
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10. Zhft coBpositloii of Claia 9 yherein said 
phosphoiipida ara pboajphatidyicholina and 
' pboapbatidylatl&aBolaBina* 

U. Sba eoBeoBltiott of CXain 9 vtaaraln aaid lipoaoaa 
Ineliidaa oliolaatarol. 

12 • Thm co^attion of Clain 9 wharain aald lipoaoaa 
ia eoajtxgatad to a tiaaue ai>ecltlc llgand. 

13 • Tha coapqaltion of Claim 12 wharein aaid llgand 

la an antibody- 

14. Sha cosq^oaltlon of Clala 9 vharaln aald llpoaome 
la betvaen about 0«8 and 10 alcrons In dlanetar.. 

15. The compoaltlon of Claim 9 wherein aald llpoaome 
contalna a contraat agent« 

16. An acouatlcally reflective bllgolamellar llpoaome 
containing Internally aeparated lipid bllayera made by the 
process comprising: 

a) combining lipids Including 

phosphatidylethanoiaime to form a liposome 
particle: 

b} reducing the size of said particle to less than 
about 400 nm; 

c) lyophilizing aald particle r and 

d) reducing particle sire. to between about 0.8 and 
10 microns in diameter. 
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17 • Thm eoaposltion of Claia 16 irti^raln said liposo&e 
is funetionalissd to rscaivs a tissue specific ligand. 

18. The cosposition of Claia 17 vhereia said ligand 
is an antibody. 

19. An acoustically reflective oligolaaellar liposome 
containing internally separated lipid bilayers Bade by the 
process coaqprising: 

a) coadt}ining lipids, including phospholipids, in an 
organic solvent to fora a solution; 

b) agitating said first solution to fern a 
vater»in~oil eaulsion; 

c) combining said emulsion with a sucrose solution 
to form an emulsion solution? 

d) agitating said second solution to form a 
vater-in-oil*in vater emulsion; 

e) evaporating said organic solvent to form a. 
multicompartmental liposome; and 

f ) reducing the else of the liposome to between 
about 0.8 and 10 microns in diameter. 
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. 2D. In acoustically . reflective ollgolaaellar UpoooBe 
coTitainlng laternally eepanited lipid bllayere Bade by the 
process oonprtslx^; 

.a) rmMnl*^ like charged phospholipids to form a 

nltUaaellar liposome; 
b) repeatedly freezing and thavlng. said liposome to 

form multlcoapartmental vesicles; and' 
e) reducing the sire of said liposome to betveen 
about O.S and 10 microns In diameter. 

•* . 

21. An acoustically reflective oligolamellar liposome 
containing internally separated bilayers made by the 
process coprlslng: 

a) preparing K*succinimidylpyrodyl* 
dlthloproplonate derivatives of 
phosphatldylethanolamlne ; 

b) eo^lnlng step (a) with components selected from 
the grot^ consisting of phosphatidylcholine, 
cholesterol and phosphatidyl glycerol, to form a 
liposome; 

e) reducing said liposome to less than about 400 nm; 
d) conjugating an antibody to the 

• ir-hydrosQrsuecinimidly^dithioprionate derivatives 
of i^osphatldylethanolamine; 
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•) eollactlng antlbody-llpososie eamploxt 
t) ■•paratlng free antibody from antibody-XlposoBe 
eamplmxmmt 

9) lyq^hilising said conjugated liposomaa; 
b) ndttoing particle size to between about 0,8 and 
2.0 adLcrons in diaaeter. 

22. A BStbod to make acoustically reflective 
oligolaaellar liposomes containing internally separated 
bilayers comprising the steps of: 

a) combining phosphatidylethanolamine with other 
lipids to form a liposome particle; 

b) reducing the size of said particle to less than 
about 400 nm; 

c) lyqpbilizing said particle; and 

d) reducing particle size to between about 0.8 and 
10 microns in diameter. 

23. The method of Claim 22 wherein said liposome is 
functionalized to receive a tissue-specific ligand. 

24. The method of Claim 23 wherein said ligand is an 
antibody. 
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. . 25* k Bethod to sake acoustically reflective 
oiigolaBellar llpoe'oaea containing internally .separated 
Xipid bilayers cosprising the steps of: 

a) ea^inlnig lipldsy including phospholipids in an . 
organic solvent to <orai a solution i 

b) agitating sisdd solution to form a vater-in-oil 
eaulsion; 

e) conbining. said enulsion vith a sucrose solution . 
to form a second solution; 

d) agitating said second solution to form a 
vater*in*oil vater emulsion; 

e) evaporating said organic solvent to form a- 
Bolticoipartmental liposome; and . j 

f) reducing the size of the liposome to betveen i 
about 0«8 and 10 microns in diameter. . 

26. A method to make acoustically reflective ; 
oligolamellar liposome containing internally separated 
lipid bilayers casprising the steps of: 

a) combining phospholipids to form a multilamellair 
liposome; 

b) repeatedly' freezing and thawing said liposome to 
form' multicompartmehtal vesicles; and 

c) reducing the size of said liposome to betveen 
about OmB and 10 microns in diameter. . 
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27. A Bttthod to Make acoustically reflectiva 
oligolaaallar llposoBo containing Internally aaparatad 
lipid bilayar* ednprising tha stapa of: 

a) preparing M-aucciniaidylpyridyl-dithioproplonate 
derivatives of phosphatidylethanolaminey 

b) combining step (a) with coq^onents selected from 
the group consisting of phosphatidylcholine, 
cholesterol and phosphatidglycerol , to form a 
liposoae; 

c) reducing said liposome to less than about 400 na 

d) conjugating an antibody to the 
M-succininidylpyridyl-dithioprionate derivatives 
of phosphatidylethanolaaine; 

e) collecting antibody-liposome complexes; \ 

f) separating free antibody from antibodyliposome- 
complexes; 

g) lyophillzing said conjugated liposomes; 

h) reducing particle size to between about 0.8 to 
2.0 microns in diameter. 
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2a« A BAthod to characterire specific tissue. 
cGoprisiAgs 

a) adainisteriAg acoustically reflective 
oligolaaellar liposomes containing internally 

* . separated lipid bilayers; 

b) Mtasuring ultrasonic reflectance of said specific 
tissue; and' 

c) coBtpsrlng said aeasxired reflectance pre and post 
administrants to characterize said specific 
tissue. 

29. A Bethod to characterize specific tissue 
cooprising: • 

a) administering an acoustically reflective j 
oligolaaellar liposome containing internally i 
separated lipid bilayers, said liposomes being > 
conjugated to a tissue-specific ligand; 

b) meaisuring ultrasonic reflf&ctance of said specific 
tissue; and 

c) comparing said measiared ref lectance to a control 
to Oharaqterize said specific tissue. 

30. Sie method of Claim 29 %Aierein said ligand is a 
monoclonal antibody* - 
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31. A Mthod to characterise throabus eoaprleiag: 

a) administering acoustically reflective 
oligolaaellar liposoaes containing internally 
separated lipid bilayers conjugated to 
anti-fibrin antibody; 

b) Bsasuring ultrasonic reflectance; 

c) ooaparing said measxired reflectance to a control 
to characterise said thrombus; 

d) lyophilizing said conjugated liposoaes; and 

e} reducing particle size to between about 0.8 to 
2.0 aicrons in diaaeter* 

32. A method to monitor drug delivered in a liposome' 
administered to a patient's circ\ilatory system comprising: 

a) mixing a liposome containing the drug targeted ibo 
a specific tissue and an acoustically reflective 
oligolamellar liposome targeted to the same 
tissue to form a dispersion; 

b) administering said dispersion to said patient and 
monitoring the delivery of said drug from said 
liposome containing said drug by detecting said 
acoustically liposome. 



wo 93/20802 



1/9 



PCT/l)S93/03291 




wo 93/20802 PCrABn/03291 

2/9 



FIG. 2 
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FIG. 5 
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FIG. 6 
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